We employ a three-dimensional (3D) particle-in-cell method coupling with finitedifference time domain scheme to simulate the electron emission in surface conduction electron-emitter displays (SEDs). This computational technique includes the space charge effects automatically. We thus explore the conducting mechanism, the emission efficiency, and the current density distribution on the anode plate with one field emission emitter.
Introduction
Surface conduction electron-emitter display (SED) is a new type of flat panel display based on surface conducfion electron-emitters (SCEs) [1] [2] [3] . The potenfialifies of SCEs as field emission sources are superior to conventional cathodes in many respects. These SEDs possess high luminance, good color, as well as low power consumption. However, the emission efficiency is determined by the shape and material of SCE. Studies on SCE have not been clearly understood yet. Even if the multiple scattering model of the electron emission mechanism of the SCE has been proposed [4] , 3D Maxwell-particle-in-cell simulation [5] has not been considered for the electron emission of SED yet.
Simulation Technique
The schematic of the emitter structure and related experiment setup is shown in Fig  1(a) . The emitter has a coplanar structure with a palladium nanogap which is fabricated by the focused ion beam technology, and the width is approximately 90 nm. Because the dimension of nanogap is much smaller than that of device, a region requires rapid variation in the cell. Therefore, the mesh generation by the Pade function is recommend and the creation of grids near the nanogap region is plotted in Fig. 1 
Results and Discussion
According to our calibrated model [6] , high accuracy results could be obtained in this work. Figure 3(a) shows the contour plot of electric fields with the anode voltage (Va) is 3000 V, and the gate voltage (Vg) is 60 V. The fields are higher around the emitter apex and the electrons here are accelerated to energies sufficient to be tunneled fi'om the metal into vacuum. The 3D electron trajectory is shown in Fig. 3(b) . The electron beam emits toward the driver electrode and goes upwards to the anode. The cross sections of Fig. 3(b) on the x-z plane with different simulation time are shown in Fig.  4 . This is clearer to know the electron-emission mechanism. When the electrons emitted to the anode, Fig. 5(a) shows the current density distribution on the anode plate. From this result, the current can be evaluated by integrating the current density to the area. Its value is about 5 \xA which is large enough to let the phosphor luminance. The light spot which is produced on the phosphor plate of spacer of 500 |um apart from the emitter is shown in Fig. 5 
Conclusions
We have developed a 3D simulation scheme for the electron emission by using a surface conduction electron emitter. The results including the electron-emission mechanism, current density distribution on the anode plate, and high emission efficiency have been calculated and discussed. They promise the advantages of the SED for TV applications.
